abstract: therapeutic efficacy of sulfadoxine-pyrimethamine (sP), which is commonly used to treat falciparum malaria, was assessed in isolates of Plasmodium falciparum (Welch, 1897) and Plasmodium vivax (grassi et Feletti, 1890) of Aligarh, Uttar Pradesh, North india and taif, saudi Arabia during 2011-2012. Both the species showed mutations in dihydrofolate reductase (DHFr) enzyme as they have common biochemical drug targets. Mutation rate for pfdhfr was higher compared to pvdhfr because the drug was mainly given to treat falciparum malaria. since both the species coexist, P. vivax was also exposed to sP due to faulty species diagnosis or medication without specific diagnosis. low level of mutations against sP in P. falciparum of saudi isolates indicates that the sP combination is still effective for the treatment of falciparum malaria. since sP is used as first-line of treatment because of high level of resistance against chloroquine (cQ), it may result in spread of higher level of mutations resulting in drug resistance and treatment failure in near future. therefore, to avoid further higher mutations in the parasite, use of better treatment regimens such as artesunate combination therapy must be introduced against sP combination.
Malaria is the most prevalent parasitic disease worldwide, responsible for an estimated 225 million clinical cases each year. it mainly affects children, pregnant women and non-immune adults who frequently die as victims of cerebral manifestations and anaemia (Quintero et al. 2011) . it is major cause of death in tropical and sub-tropical countries where it claims approximately 655 thousand lives each year (World Health organization 2010) . this disease is managed by anti-malarial drugs as no effective vaccine is yet available. However, the parasite has developed resistance against most commonly used antimalarial chloroquine (cQ), posing a major problem for malaria control programme (Mitra et al. 2006) . in case of doubtful species diagnosis, sulfadoxinepyrimethamine (sP) combination is usually prescribed by clinicians to avoid any risk on the life of patient and, thereby, increases sP pressure on parasite population. With the spread of chloroquine resistant malaria in different countries including india and saudi Arabia, sP alone or in combination with artesunate is used as an alternate drug. this drug combination targets the folate biosynthetic pathway of Plasmodium species; blocking the nucleic acid biosynthesis and thus causing parasite death (Peterson et al. 1988 (Peterson et al. , triglia et al. 1997 . Pyrimethamine acts on the dihydrofolate reductase enzyme of Plasmodium falciparum (Welch, 1897) (PFDHFr) and inhibits the folate biosynthesis pathway of the parasite (gregon and Plowe 2005) . Point mutation in PFDHFr reduces its capacity to bind with the drug, resulting in the emergence of resistant parasite strains (Mbugi et al. 2006 (Mbugi et al. , gesase et al. 2009 ). there are mutations at more than three loci in the parasite enzyme in endemic countries (Peterson et al. 1988 (Peterson et al. , sirawaraporn et al. 1997 .
Pyrimethamine resistance develops in a progressive manner and treatment failure occurs. since both P. falciparum and P. vivax (grassi et Feletti, 1890) contain the same target enzymes, the antifolate drug also affects P. vivax -see imwong et al. (2003) , Hastings et al. (2004 ), de Pecoulas et al. (2004 , Kaur et al. (2006) , Barnadas et al. (2008) . Keeping these facts in mind, study on the prevalence of mutations and phenotypic expressions associated with sulfadoxine-pyrimethamine resistance in P. falciparum and P. vivax is attempted in the samples obtained from india and saudi Arabia.
Materials and Methods
Blood samples collected from the patients with fever who attended the Medical college and other malaria clinics of Aligarh, india during 2011 Aligarh, india during -2012 , and the communicable Diseases control centre, taif, saudi Arabia, from the patients who visited Jazan and Yemen earlier, were included in this study. thick and thin blood smears of these patients were screened by E-600
Prevalence of mutation and phenotypic expression associated with sulfadoxine-pyrimethamine resistance in Plasmodium falciparum and Plasmodium vivax haytham a. Zakai 1 , Wajihullah Khan 1 and Umme asma research microscope at 100×. these patients were treated according to National Drug Policies of the respective countries. Prepared slides from taif region as well as Aligarh, india were observed for phenotypic variations in Plasmodium falciparum. PFDHFr and PVDHFr gene mutation studies were also conducted using the above blood samples.
dna extraction, PCr amplification and nucleotide sequencing of dhFr gene: DNA extraction, amplification and nucleotide sequencing were done as described earlier by Alam et al. (2007) . DNA was extracted from the blood of patients that were infected with P. falciparum and P. vivax using Accu Prep genomic DNA extraction kit (Bioneer corporation of Korea). the DNA was eluted in tris EDtA buffer (pH 8.0) and an aliquote was used for Pcr amplification. A fragment of 1 014 bp of P. vivax dhfr-ts gene was amplified using primers PvDA (5'-AccgcAccAgttgAttcctAc-3') (forward) and PvDB (5'-AccgcAccAgttgAttcctAc-3') (reverse). the cycling parameters were a 10 min initial denaturation at 94 °c followed by 35 cycles with a 30 sec denaturation at 94 °c, one minute annealing at 58 °c, one minute extension at 72 °c and a final 10 min extension at 72 °c. After diluting 10 times, this priming Pcr product, was used as a DNA template for nesting Pcr to amplify the 784-bp region, which covered the entire DHFr domain.
Primers PvDF (5'-AtggAggAcctttcAgAtgt-3') (forward) and PvDr (5'-AAcgcAttgcAgttctccgA-3') (reverse) were used for nested Pcr with a 10 minutes initial denaturation at 94 °c followed by 35 cycles with a 30 sec annealing at 54 °c and a one minute extension at 72 °c as the cycling parameters. Primers PvDA (covering -75 to -55 bp upstream to the Pvdhfr-ts start codon), PvDB, PvDF and PvDr were designed from the known Pvdhfr-ts sequence of pyrimethamine-sensitive P. vivax isolate Ari/Pakistan (98123). DNA was extracted and subjected to Pcr amplification of a 720-bp fragment to the pfdhfr gene using the method described by Ahmad et al. (2004) . An aliquot of the primary amplicon was diluted and subjected to seminested Pcr using primer AMP1 (Plowe et al. 1997) and DHFrr2 (5'-AcAgAAAtAAtttgAtActcA-3'). only 30 cycles were carried out for seminested Pcr under the same conditions as has been used for primary Pcr. the Pcr products were purified and subjected to sequencing according to Mitra et al. (2006) , using an ABi Big dye terminator ready reaction Kit (version 3.1), and the ABi Prism 310 genetic analyser (PE Applied Biosystems, Foster city, california, UsA).
individual bands of each Pcr product were excised from the agrose gel and purified using an Accu Prep gel purification kit (Bioneer corporation, Korea) according to manufacturer's instructions. the entire pvdhfr gene was sequenced using primer PvDM (5'-gttAgcgtcttgtcttggAAAgcAc-3') and PvDr, whereas primers for pfdhfr gene sequencing were same as described by Jalah et al. (2005) . the nucleotide sequences were translated into amino acids using the edit sequence program (lasergene 1999, version 5.1, DNAstAr inc., Madison, Wi, UsA). the amino acid sequences were aligned using gen Doc Multiple sequence Alignment Editor and shading Utility (Version 2.6.002) statistical analysis:
the chi-square test was applied to assess the trends of DHFr mutations in P. falciparum and P. vivax infections. P value of < 0.05 was considered significant. sequencing of pfdhfr and pvdhfr gene showed mutations in both indian and saudi isolates. Among indian isolates, the pfdhfr mutations were observed at codons s108N, c59r and N51i. Maximum number of isolates (92%) showed mutations at codon 108 (s108N) (P < 0.05) followed by mutations at codon 59 (c59r, 55%) and least of 4% at codon 51 (N51i). Majority of the indian isolates were found to contain double pfdhfr mutations (Figs. 1, 2 During the present study, it was observed that rings of P. falciparum, which otherwise varied in size and shape, showed little more prominent variations in terms of shape and thickness of the cytoplasm (data not shown). in P. falciparum having mutations at two codons, rings were much oblong with the thickened cytoplasm at one end. it remains unclear whether this change in size and shape of rings of P. falciparum is a mere coincidence or it is due to the alterations of the amino acid in DHFr enzyme.
disCUssion
Antifolate drugs are generally used for the treatment of falciparum malaria in developing countries. According to the National Drug Policy of both, india and saudi Arabia, chloroquine-resistant uncomplicated falciparum malaria cases should be treated with sulfadoxine-pyrimethamine (sP). in regions where resistance due to chloroquine (cQ) has reached a very high level, sP is the first-line of antimalarial. there are few primary health care centres and medical colleges in india and saudi Arabia where artesunate-based combined therapy has been introduced as an alternative treatment. several countries have already abandoned chloroquine and sP monotherapy because of emergence and worsening rise of cQ and sP-resistance (Bosco et al. 1998 (Bosco et al. , shretta et al. 2000 . if Plasmodium falciparum and P. vivax coexist in any region, both are at risk of being exposed to the antifolate drug (sP) as they have common target enzymes (tjitra et al. 2002 , imwong et al. 2003 , de Pecoulas et al. 2004 , gregon and Plowe 2005 , Barnadas et al. 2008 .
in the present study, a low level of sP resistance with a total of 59% pfdhfr mutations as c59r plus s108N and N51i plus s108N were recorded from Aligarh, Uttar Pradesh of North india where P. vivax dominates over P. falciparum. in contrast, higher levels of sP resistance and treatment failures were recorded from Kenya, tanzania, northeastern part of india, Ethiopia and the sudan, where intense malaria transmission was observed and P. falciparum species dominates over P. vivax (Pearce et al. 2003 , Ahmad et al. 2006 , schunk et al. 2006 . it seems that there is an association between the degree of malaria transmission and number of pfdhfr mutations. Mutations in pfdhfr gene have been used as an indicator to predict treatment failure to sP in many areas where malaria is endemic. However, patient's response to the treatment is significantly dependent on factors such as host immunity profile of treated patients (Happi et al. 2005) . However, in endemic countries where higher doses of sP are given, mutations in pfdhfr gene are increasing rapidly and resulting in treatment failures. rapid spread of sP resistant strain has threatened its use and, therefore, better treatment regimen are being sought to replace sP (takechi 2001).
in taif region of saudi Arabia, a low level of sP resistance is observed only at codon 59 of pfdhfr enzyme (c59r) in 14% isolates. this is in agreement with the earlier report from saudi Arabia (Al-Harthi 2007) in which 10.5% cases from Jazan showed mutation at the same codon (c59r). similarly low level resistance was also reported from neighbouring border country Yemen where use of sP is still effective (Abdulgodos et al. 2009 , Mubjer et al. 2011 . the prevalence of mutations at codon 59 (c59r) in saudi Arabia and Yemen, where sP was used as second-line treatment for a relatively short period, is lower. studies with molecular markers have confirmed rapid development of resistance after the drug was used (sridaran et al. 2010 (sridaran et al. , Zakeri et al. 2010 . We observed low level of mutations in pvdhfr gene in Aligarh, Uttar Pradesh, which is located in northern india, having wild type of amino acids in majority of the cases (61%; n = 46). Double and single mutations were observed in 12 (26%; n = 46) and six isolates (13%; n = 46), respectively. these figures are almost half of pfdhfr in the same region, which might be due to the simple reason that P. falciparum was actually treated with sP. since P. vivax is the most prevalent species in the study area and have mixed infections too, dhfr of this species showed mutations against sP as it has the same drug target and was exposed to this drug because of wrong diagnosis and/or medications without species diagnosis.
Unfortunately, resistance developed relatively quickly when sP was widely used in endemic countries. Epidemiological and molecular studies on P. falciparum and P. vivax very clearly indicate that the dhfr enzyme is the therapeutic target of sP (Nzila et al. 2000 , tjitra et al. 2002 , imwong et al. 2003 , de Pecoula et al. 2004 , Hastings 2004 . As a result, resistance to the sP is determined by specific point mutations in the parasite dhfr gene. these mutations cause alterations of key amino acid residues in the active sites of these enzymes reducing the affinity of enzymes for the drug (Foote and cowman 1994) .
Plasmodium vivax infections are not often treated with sP but this species got exposed to sP because of mixed infection and caused mutations (Kaur et al. 2006 , Khatoon et al. 2009 , Zakeri et al. 2010 . the continuous use of sP as first-line antimalarial drug in endemic areas, where both P. vivax and P. falciparum species coexist, may increase the risk of mutations in the dhfr gene leading to a higher level of resistance against this combination in the near future. therefore, continuous surveillance of P. vivax and P. falciparum molecular markers are needed to monitor the development of resistance to sP in endemic foci in poor countries, where this drug is used quite extensively due to its cost-effectiveness and easy availability, and taken as a single dose.
in conclusion, both P. falciparum and P. vivax showed mutations in DHFr enzyme against sP. in india, mutation rate for pfdhfr against sP was higher compared to pvdhfr. low level of mutation in pfdhfr against this drug in saudi Arabia indicates that sP is still effective for treatment of falciparum malaria, but its use as first-line of treatment may result in higher level of mutations resulting in drug resistance and treatment failures in near future. therefore, to avoid further higher mutations in dhfr enzyme of Plasmodium, use of better treatment regimens such as artesunate combination therapy must be introduced against sP combination.
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